Conventional synthetic disease-modifying anti-rheumatic drugs, including methotrexate, may not be tolerated by all patients with rheumatoid arthritis (RA), and limited international data for etanercept (ETN) monotherapy are available. The aim of this review was to summarize the clinical program for ETN monotherapy in Japanese patients with RA, which has included a pharmacokinetic study, clinical trials for registration, long-term studies, and once-weekly dosing studies. Pharmacokinetic results showed that serum concentrations of ETN were linear with dose levels and were similar to other international studies. Across interventional studies, 652 Japanese patients with active RA were treated with ETN. In the registration studies, ETN treatment led to consistent improvement in American College of Rheumatology 20/50/70 scores, European League Against Rheumatism Good Response, Disease Activity Score 28 erythrocyte sedimentation rate remission, and Health Assessment Questionnaire disability index. In the long-term studies, effi cacy was maintained for up to 180 weeks. Similar results were seen in the once-weekly studies. Across the studies, more than 870 patient-years of exposure to ETN were recorded. Discontinuations owing to lack of effi cacy or adverse events were modest and no new safety signals were recorded. These studies demonstrated that ETN monotherapy is effi cacious and well-tolerated in Japanese patients with RA.
( Figure 1 , Table 1 ). The clinical studies examined in this overview included a Phase 1 single-dose pharmacokinetic study in healthy male volunteers (pharmacokinetic study), a Phase 2 double-blind placebo-controlled bridging study evaluating ETN 10-and 25-mg BIW for 12 weeks (bridging study), and a Phase 3 double-blind radiographic study comparing ETN 10-mg and ETN 25-mg BIW with up to 8 mg of methotrexate (MTX) weekly for 52 weeks (radiographic study). The bridging study was followed by two phase 3 open-label long-term extension studies (a long-term extension study featuring clinician-administered injections and a self-injection extension study). Alternative ETN dosing regimens were examined in 2 phase 3 QW dose studies: a 50 mg QW switching regimen study (50 mg QW switching study) and a 25 mg QW dose-regimen study (25 mg QW study).
Study protocols and key procedures
All study protocols were reviewed and approved by the Ministry of Health, Labor and Welfare of Japan and by the institutional review board of each study site. All patients provided written informed consent.
Pharmacokinetic protocols and procedures
The pharmacokinetics of ETN were estimated in the pharmacokinetic, bridging, radiographic, and 50 mg QW switching studies. Serum ETN concentrations were determined using a validated enzyme-linked immunosorbent assay with a lower limit of quantifi cation of 0.39 ng/mL. In the pharmacokinetic study, healthy male Japanese volunteers received either a single dose of placebo or ETN 10 mg, ETN 25 mg, or ETN 50 mg subcutaneously. During this study, serial blood samples for ETN concentration measurement were collected before administration and up to 480 h after injection. Urine collections for ETN concentration measurement were made before administration and up to 72 h after injection. During the multiple dose studies, serum samples for trough ETN concentrations were collected at Weeks 4, 8, and 12 for the bridging study and Weeks 12, 24, and 52 for the radiographic study. A subset of 18 patients in the 50 mg QW switching study participated in pharmacokinetic assessments after receiving the ETN 25-mg BIW (Week 4) and ETN 50-mg QW (Week 12) dose regimens. Serum samples were collected on Day 0 (pre-dose) and every day thereafter for 7 days during Weeks 4 (ETN 25-mg BIW) and 12 (ETN 50-mg QW).
Effi cacy and safety protocols and procedures
Effi cacy was examined in the bridging, radiographic, long-term, self-injection, 50 mg QW switching, and 25 mg QW studies. In these studies, all patients had an inadequate response to conventional synthetic disease-modifying anti-rheumatic drugs (conventional synthetic DMARDs), and went through a wash-out period for their DMARD treatments prior to the start of the study. Patients received either ETN 10-mg BIW, ETN 25-mg BIW, ETN 25-mg QW, or ETN 50-mg QW monotherapy for at least 4 weeks (concomitant use of synthetic DMARDs, including MTX, were not permitted); comparator treatments were either placebo or MTX. The bridging study was a 12-week, randomized, double-blind, multicenter, dose -response study evaluating the safety and effi cacy of placebo, ETN 10-mg BIW, and ETN 25-mg BIW. The radiographic study had a similar dosing schedule for ETN and included 
Results

Pharmacokinetics
Pharmacokinetic study
In the Phase 1 pharmacokinetic study, the pharmacokinetics of ETN were linear in the dose range administered (Supplementary Figure 1a, Supplementary The mean maximum serum concentration (C max ) and mean area under the curve (AUC) were proportional to the dose of ETN. After a single subcutaneous administration in healthy volunteers, ETN 25-mg was absorbed slowly, reaching a C max of 1.37 Ϯ 0.72 μ g/ mL at 47 Ϯ 15 h, with the AUC being 217 Ϯ 85.7 μ g.h/mL. ETN was slowly eliminated from the body at the half-life of 80 Ϯ 25 h. Urinary excretion of this drug was not observed.
Bridging and radiographic studies
The pharmacokinetics of ETN were also studied in the bridging and radiographic studies. In the bridging study, mean ETN serum concentration (trough) remained virtually constant over a 12-week period (Supplementary Table 2 
Patient characteristics
Bridging and radiographic studies
The mean ages of patients in the bridging and radiographic studies were 53 and 51 years, respectively; the majority of patients in each study were female (86% and 80%, respectively; Table 2 ). The majority of the baseline disease characteristics (i.e., DAS28 erythrocyte sedimentation rate [ESR], physician ' s global assessment, pain visual analogue scale, HAQ-DI) were similar for the two studies; however, patients in the radiographic study had shorter disease duration (3 years), lower percent of rheumatoid factor-positive an MTX treatment arm (up to 8 mg weekly); this study was 52 weeks long and measured radiographic outcomes in addition to safety and clinical outcomes. Standard safety assessments were performed in all studies and are reported herein for the six effi cacy studies. Adverse events including clinically meaningful abnormality of laboratory tests and vital signs were evaluated. Adverse events in the bridging, long-term, and self-injection studies were re-coded for this overview using the Medical Dictionary for Regulatory Activities (MedDRA) version 13.0. The radiographic study used the Med-DRA version 13.0 and the 25-mg QW and 50-mg QW switching studies used the MedDRA version 10.1.
Safety data for the three sequential (bridging, long-term, and self-injection) studies were pooled for analyses of adverse events. Kaplan -Meier plots displaying time to withdrawal by reasons of adverse events, lack of effi cacy, or other were produced. In addition, data on adverse events were summarized as an incidence rate by percentage and per 100 patient-years.
Immunogenicity (anti-ETN antibody and neutralizing antibody) was assessed in the three sequential (bridging, long-term, and selfinjection) studies using a validated enzyme-linked immunosorbent assay.
Statistical methods
The clinical effi cacy analysis data for the bridging, long-term, self-injection, radiographic, 25-mg QW, and 50-mg QW switching studies included all randomized and treated patients, except for six patients in the bridging study who were excluded owing to a violation of good clinical practice that may have occurred. Data for the bridging, radiographic, and 25-mg QW studies included last observation carried forward imputation for missing data. Observed data are presented for the long-term, self-injection, and 50 mg QW switching studies. Effi cacy data for Weeks 169 and 182 in the long-term study and Week 132 in the self-injection study were censored owing to very low population sizes that confounded interpretation. Safety analyses were performed for all randomized patients who received at least one dose of study drug.
Descriptive statistics were used to summarize change from baseline in the DAS28 ESR, HAQ-DI, ACR components, and the proportions of patients who achieved remission (DAS28 ESR, SDAI, or Boolean remission) and normal HAQ-DI ( Յ 0.5).
patients, lower mean ESR, lower swollen and tender joint counts, and longer duration of morning stiff ness relative to the bridging study. The baseline mean mTSS and mTSS annualized rate of progression in the radiographic study were 43.4 and 28.2, respectively ( Table 2 ). The long-term and self-injection studies were open-label extensions of the bridging study.
50-mg QW switching and 25-mg QW studies
The mean age and percentage of female patients in the 50-mg QW switching and 25-mg QW studies were 53 and 55, 83% and 90%, respectively (Table 2) , and consistent with those of the registrational studies. Disease duration also was consistent (10.9 and 8.3 years, respectively). Patients in the 25-mg QW study had baseline disease characteristics that were generally consistent with those patients in the registrational studies. Patients in the 50-mg QW switching study had been receiving ETN treatment at baseline and had lower serum C-reactive protein (CRP), ESR, tender and swollen joint counts, and pain assessment.
Effi cacy
Bridging and radiographic studies
The effi cacy data in the two registrational (bridging and radiographic) studies showed early and consistent improvement across multiple clinical and radiographic outcomes. Improvements in ACR20, 50, and 70 response rates and mean changes in DAS28 ESR scores over placebo in the bridging study and over MTX in the radiographic study were apparent in both ETN treatment groups by Week 4 and continued to improve with treatment (Figure 2a and b, Figure 3a and b) . In the bridging study, ACR20 response at Week 12 was signifi cantly less in the placebo group (6.3%) than in the ETN 10-mg BIW group (64.0%) and the ETN 25-mg BIW group (65%). In the radiographic study, ACR20 for MTX at Week 52 (62.5%), was signifi cantly less than ETN 10-mg BIW (75.9%) and ETN 25-mg BIW (78.6%). Treatment with MTX in the radiographic study was less effi cacious than treatment with the two ETN doses at every time point. Overall, the percentage of patients in the bridging and radiographic studies who achieved EULAR Good Response and DAS28 ESR remission ( Ͻ 2.6) rose from Week 2 to the end of the studies (Supplementary Figures 3a, b and 4a, b available online at http:// informahealthcare.com/doi/abs/10.3109/14397595.2014.914014). In the bridging study, EULAR Good Response and DAS 28 remission rates were numerically higher with ETN 10-mg BIW and ETN 25-mg BIW than with placebo, but the diff erences were small and not statistically signifi cant. In the longer-term radiographic study, EULAR Good Response at Week 52 in the MTX group (29.7%) was signifi cantly less than that in the ETN 10-mg BIW (44.2%) and ETN 25-mg BIW (50.0%) groups; DAS28 ESR remission was achieved by 19.3% of patients in the MTX group, which was signifi cantly less than that in the ETN 10-mg BIW (31.9%) and ETN 25-mg BIW (34.1%) groups. Signifi cantly more patients achieved EULAR Good Response when treated with ETN 25-mg BIW (50%) than with ETN 10-mg BIW (44%, P Ͻ 0.05) [12] . Mean HAQ-DI scores decreased (improved) as early as Week 4 and continued to decrease over time in both the bridging and radiographic studies (Supplementary Figure 5a and b available online at http://informahealthcare.com/doi/abs/10.3109/ 14397595.2014.914014). HAQ-DI scores improved by at least the minimum clinically important diff erence (0.3) in the bridging and radiographic studies from baseline to end of study. In the radiographic study, mean HAQ-DI scores approached the population norm of 0.5 or less by the end of study; improvements for both ETN dose groups were signifi cantly greater compared with the respective comparators (placebo or MTX). The bridging and radiographic studies each recorded signifi cant improvements in ESR and serum CRP between the baseline and end of study in patients treated with ETN. In the case of the bridging study, small diff erences observed between the low-and high-dose regimens did not reach statistical signifi cance (Supplementary Table 5a 
Safety and immunogenicity
Radiographic study
Treatment-emergent adverse events and infections were generally similar in all three treatment arms (Table 3a) . There were no major diff erences between the dose groups. Most TEAEs occurred at rates (events/100 patient-years) that were comparable to or less than the rates seen with MTX treatment (Table 3b) . Similar results were seen with rates of infections (Table 3c ). The most common treatment-emergent adverse events were increased liver enzymes, rash, eczema, and constipation. The most common treatment emergent infections were nasopharyngitis, upper respiratory tract infection, and pharyngitis. Withdrawals from the study owing to an adverse event included 9.3% of patients in the ETN 25-mg BIW group, 7.3% of patients in the ETN 10-mg BIW group, and 4.5% of patients in the MTX group; Յ 2.1% discontinued owing to infections (Table 3a) . The rates of serious adverse events, serious infections, opportunistic infections, and malignancies were similar between the ETN treatment groups and the MTX group. The radiographic study had a low incidence of discontinuations, with the majority of patients remaining in the study until the end of the 52-week treatment period (Figure 5a , Supplementary 
Pooled bridging, long-term, and self-injection studies
Patients in the bridging study had the option to enroll in the long-term or self-injection extension study. Thus, for a complete assessment of long-term safety, the adverse events data from these three studies were pooled. During these studies, more than 375 patient-years of exposure to ETN were recorded. One death was recorded during the bridging study (Table 3a) ; the cause was sepsis and the patient had been administered ETN 25-mg BIW. In the pooled studies, 16.3% and 11.6% of patients discontinued owing to adverse events and infections, respectively (Table 3a) . We examined serious infections in the bridging and extension studies and found that during 375 patient-years of exposure, 14% of patients developed serious infections (7.5 events/100 patient-years), the most common of which was pneumonia (1.6 events/100 patientyears). No opportunistic infections (including tuberculosis and PCP) were observed during these studies (Table 3a) . Consistent with the radiographic study, nasopharyngitis was the most common infection observed during long-term treatment with ETN (113 events/100 patient-years); other common infections (events/100 patient-years) over the long term included upper respiratory tract infection (23), cystitis (9), pharyngitis (5), periodontitis (5), conjunctivitis infective (4), bronchitis (3), herpes zoster (3), and tinea blanca (3; Table 3c ).
The incidence of antibody development in patients treated with ETN was examined in the bridging study and subsequent extension studies. In the bridging study, anti-ETN antibodies were detected in 1/47 (2.1%) patients and 1/48 (2.1%) patients after 12 weeks of treatment in the ETN 10-mg BIW and ETN 25-mg BIW groups, respectively. In the long-term and self-injection studies, the incidence of anti-ETN antibodies varied from 2.1% to 10.6% at any given visit. None of the patients tested positive for neutralizing antibodies.
50-mg QW switching and 25-mg QW studies
No new safety signals were observed during the bridging onceweekly dosing studies (Supplementary Table 7 (Figure 4) [12]. The mean change in joint space narrowing signifi cantly favored ETN 25 mg BIW over ETN 10 mg BIW ( P ϭ 0.0006), and both ETN doses resulted in favorable joint space narrowing versus MTX ( P Ͻ 0.0001).
Long-term and self-injection studies
ACR response rates, DAS28 ESR scores, EULAR Good Response, and DAS28 ESR remission rates observed at Week 12 in the bridging study were maintained in the open-label extension studies ( Յ 160 weeks of treatment in the long-term study and Յ 120 weeks in the self-injection study; Figure 2a 
50-mg QW switching and 25-mg QW studies
In the 25-mg QW study, ETN 25-mg QW resulted in nominally, but not signifi cantly, better responses for ACR20, 50, and 70 measures after 12 weeks of treatment compared with the ETN 10 mg BIW dose regimen (85% vs. 70%, 46% vs. 30%, 21% vs. 9%, respectively; Figure [13, 14] between the baseline and end of study and approached the population norm of 0.5 or less [13, 14] by end of study.
In the 50-mg QW switching study, improvements in DAS28 ESR were comparable after 4 weeks of treatment with ETN 25-mg BIW inhibits the eff ect of the proinfl ammatory cytokine TNF-α , which plays an important role in synovitis and joint damage in RA. This comprehensive review examined the pharmacokinetics of ETN in healthy Japanese volunteers and patients with RA, as well as the effi cacy and safety of ETN treatment across multiple clinical studies. The program consisted of one pharmacokinetic study in 24 healthy Japanese volunteers and six interventional clinical studies in which 821 adult Japanese patients with RA were studied for a total ETN exposure of more than 870 patient-years. The Phase 1 pharmacokinetic study in healthy adult Japanese volunteers demonstrated that ETN is slowly absorbed (peak concentration in 47 h following a single injection) and slowly cleared from the body (elimination half-life of 80 h). Additional pharmacokinetic analyses were conducted during several of the interventional studies in Japanese patients with active RA. The serum concentration in Japanese patients with RA reached a steady-state within a month that was about twice the highest concentration achieved after a single administration; accumulation did not exceed the predicted concentration. The serum ETN concentration was
Retention rates in the radiographic, long-term, and self-injection studies
Retention rates over the course of the study are illustrated for each treatment group in Kaplan -Meier plots for the radiographic study in Figure 5a . Overall, retention was highest in the ETN groups; approximately 80 -83% of patients remained in the study at Week 52 compared with approximately 70% in the MTX group. The diff erence was largely owing to the higher proportion of patients who discontinued owing to lack of effi cacy in the MTX group (approximately 20%) compared with that of the ETN groups (approximately 4 -8%, Figure 5a ). Retention rates in the long-term and self-injection studies were comparable to those observed in the radiographic study up to Week 52 and were maintained through study completion (Figure 5b and c) .
Discussion
ETN is a fully human fusion of the TNF type 2 soluble receptor and the Fc region of a type 1 human immunoglobulin G that (7.5) 12 (3.2) 5 (2.6) 6 (3.6) 6 (3.3) 6 (3.7) 5 (2.8) 7 (4.9) Herpes zoster 11 (7.5) 11 (2.9) 3 (1.6) 3 (1.8) 3 (1.6) 4 (2.5) 1 (0.6) 1 (0.7) Tinea blanca 11 ( resulted in ACR50 achievement in 32% of patients [15] compared with 54% for ETN 25 mg BIW monotherapy. Treatment of moderate to severe RA with abatacept (10 mg/kg) in combination with MTX resulted in 46% of patients achieving ACR50 after 24 weeks [16] . The percentage of patients with moderate to severe RA who achieved ACR50 after 24 weeks of treatment with golimumab (100 mg every 4 weeks) in combination with MTX was 48% [17]; 42% of patients who received golimumab monotherapy achieved ACR50 [18] . In line with the clinical outcomes from the radiographic study, the radiographic outcomes data showed clear separation between the active comparator, MTX, and the 2 ETN doses in slowing the progression of joint structural damage such that after 52 weeks of treatment the change in mTSS was signifi cantly less in ETNtreated patients. In addition, more ETN-treated patients achieved no progression of joint damage (mTSS change Ͻ 0.5; P Ͻ 0.001). Although the study was only 52 weeks in duration, further benefi t is likely to accrue in terms of structural preservation given that the pattern of progression was linear. These results appear to be consistent with radiographic results of other biologic DMARDs, such as adalimumab, tocilizumab, and golimumab, which have been shown to reduce progression of joint structural damage in Japanese patients with RA [12, 19, 20] .
There was evidence of a dose response for ETN 10 mg and 25 mg in terms of clinical and radiographic variables in the radiographic study. Firstly, the majority of the clinical endpoints were numerically greater in the 25-mg BIW dose group compared with those of the 10-mg BIW dose group. In addition, some clinical signs and symptoms including EULAR Good Response, physician global assessment scores, tender joint counts, radiographic nonprogression (mTSS Յ smallest detectable diff erence), HAQ-DI remission ( Ͻ 0.5), and Boolean remission, all showed signifi cantly greater response to ETN 25 mg, indicating greater potential for benefi t with the higher ETN dose [12] . ETN 25 mg also was consistently associated with numerically better radiographic outcomes over the 10-mg dose (i.e., ∆ mTSS) throughout the 52-week study. In addition, subgroup analyses indicated that patients with factors indicating high disease activity showed better radiographic response in the higher dose group [12] . These results are consistent with an earlier study that demonstrated the radiographic superiority of ETN 25-mg BIW over ETN 10-mg BIW at 12 and 24 months in patients in North America [21] . The favorable response of the 25-mg dose observed at 52 weeks may be clinically meaningful considering that patients with RA may be treated over many years.
In the extension (long-term and the self-injection) studies, ETN continued to be eff ective in reducing the signs and symptoms of RA. Effi cacy responses in both extension studies were shown to be either stable or tending to improve up to at least 160 weeks of therapy. Durability of response was favorable as evidenced by the high retention rates; relatively few patients dropped out of the studies.
Flexible dosing and frequency is a unique option available to Japanese rheumatologists. Two approaches were taken to evaluate the effi cacy of alternative QW dosing. The fi rst approach was based on switching patients whose disease was being controlled on ETN 25-mg BIW to ETN 50-mg QW, while the other approach involved comparing ETN 10-mg BIW with ETN 25-mg QW in a parallel group design. Clinical benefi t with ETN was maintained after patients receiving 25-mg BIW were switched to a less frequent dosing regimen of ETN 50-mg QW for 8 weeks. In the 10-mg BIW versus 25-mg QW study, clinical effi cacy (improvement in DAS28 ESR scores [primary effi cacy measure] and ACR responses) of both dosing regimens was shown to be similar. There were no signifi cant diff erences between the ETN treatment regimens in DAS28 ESR scores at any time point. The two alternative virtually constant and dose-proportional over the 52-week period, with no decreases in concentration associated with repeated dosing. Switching from BIW (ETN 25-mg BIW) to QW (ETN 50-mg QW) dosing was associated with a consistent ETN serum exposure. Therefore, the pharmacokinetic profi le supports both BIW and QW dosing for ETN in the Japanese RA population.
The clinical effi cacy of ETN in Japanese patients with RA has been primarily evaluated in two controlled registrational studies. While both studies included patients with active RA and who had inadequate response to conventional synthetic DMARDs, there were subtle diff erences in the two study populations. Some baseline disease characteristics, suggested a more advanced disease in the bridging study population; that is, longer disease duration, higher ESR, more swollen and tender joints, higher CRP, higher tender and swollen joint counts, and longer duration of morning stiff ness. In the radiographic study, eligible patients were limited to a disease duration of 10 years or less, required fewer tender joint counts ( Ն 6 tender joints and Ն 6 swollen joints) and could have been either MTX na ï ve (36%) or could have received previous MTX treatment (64%).
In the placebo-controlled bridging study, ETN 10-mg BIW and ETN 25-mg BIW provided signifi cant benefi t in improving clinical symptoms. ACR responses and DAS28 ESR showed signifi cant improvement as early as 2 weeks and with continued improvement up to the 12-week time point. Signifi cant improvements over placebo also were observed in other clinical signs and symptoms, SDAI remission, CRP and ESR, as well as function (HAQ-DI). These data indicate that a robust eff ect size was observed for ETN when compared with placebo. Furthermore, as evidenced from the other registrational (radiographic) study, when ETN was compared with an active comparator (MTX), a clear separation from this standard oral therapy was demonstrated. Signifi cant improvements in clinical symptoms, including ACR responses, DAS28 ESR scores and remission, and EULAR Good Response, over MTX were achieved for both ETN dose groups.
There have been no clinical studies that have directly compared ETN to other biological DMARDs. However, clinical results from the two registrational studies show that treatment with ETN monotherapy to be generally comparable to those of other approved biologics in Japanese patients with moderate to severe RA. For example, the treatment of moderate to severe RA with adalimumab monotherapy 80 mg every other week for 24 weeks was higher in the pooled bridging and long-term extension studies (14%) than in the 52-week radiographic study (MTX 0.6%; ETN 10 mg BIW 1.0%; ETN 25 mg BIW 0%). These data are comparable to previous studies that show that the risk incidence of serious infections increases with longer exposure periods in patients treated with ETN and infl iximab [23, 24] . Pulmonary bacterial infections, tuberculosis, and opportunistic infections are of special concern in Japanese patients with RA [24 -27] . PCP is regarded as an important treatment-related infection because it accounts for the majority of acute-onset diff use interstitial lung disease in RA patients treated with biologics [28] . Treatment with biological DMARDs has been shown to be associated with elevated occurrence of interstitial pulmonary diseases, including PCP [22, 29] , and guidelines for the administration of ETN clearly recommend that patients with a history of PCP be excluded from treatment with any TNF inhibitor [5, 6] . Recent dosing studies support the fl exibility of off ering options of QW or BIW dosing in Japanese patients with RA.
ETN was generally well tolerated in these studies of Japanese patients with RA. No new or unexpected safety signals were detected when compared with previous reports on ETN in nonJapanese patients with RA. There were no medically relevant safety diff erences noted between the two ETN doses or between the QW or BIW dosing regimens. The tolerability of ETN monotherapy in these studies was comparable to post-marketing surveillance analyses that showed overall rates of adverse events of 31 -35% [8, 10] . Post-marketing surveillance studies have shown that adalimumab [22] has a similar rate of adverse events (31%). Post-marketing surveillance studies also have found that patients with short disease duration ( Ͻ 2 years) have lower incidence of adverse events than patients with longer disease durations ( Ͼ 5 years) [9] . As expected, the cumulative rate of serious infections and frequencies is shown herein to be an eff ective treatment option for Japanese patients with RA.
evidence suggests that the association between TNF inhibitory treatments and interstitial pulmonary diseases is less certain and instead, RA is more closely associated with pulmonary infections than biologic treatments [30] . While the patients in these studies did not experience opportunistic infections (such as PCP, hepatitis B, or hepatitis C) or tuberculosis, these conditions have been seen in post-marketing surveillance studies for infl iximab (bacterial pneumonia 2.2%; tuberculosis 0.3%; PCP 0.4%; interstitial pneumonitis 0.5%) [27] and adalimumab (bacterial pneumonia 1.2%; interstitial pneumonia 0.6%; PCP 0.3%; tuberculosis 0.1%) [22] , and post-marketing surveillance of ETN showed incidence of pneumonia (0.8%), tuberculosis (0.1%), and interstitial lung disease (0.6%) [7] . Overall, the occurrence of malignancies in these studies was limited to 4 cases: 2 cases of breast cancer, 1 hypopharyngeal cancer, and 1 liposarcoma. Based on the exposure of 870 patientyears, the exposure-adjusted event rate in Japanese patients with RA was 0.460 events per 100 patient-years. In an analysis of the larger global trial population in European, North American, and Japanese patients treated with ETN including 18,263 patient-years of exposure from a total of 49 clinical trials, the standardized incidence ratio (95% confi dence interval) for malignancies was 1.00 (0.83 -1.19). These results indicate that the risk of malignancy in ETN-treated patients is not elevated compared with the risk in the general population (SEER database) [31] .
The patient retention rate of ETN was reported to be longer in comparison with other biologics including infl iximab, and adalimumab [32, 33] . One of the primary reasons for discontinuation among patients treated with adalimumab was lack of effi cacy [22, 33] . In the radiographic study, the rate of discontinuations due to lack of effi cacy in ETN-treated patients was low relative to that for MTX-treated patients; the major cause of discontinuation was owing to adverse events. The primary reason for discontinuation in the long-term and self-injections studies also was due to adverse events; relatively few patients discontinued ETN due to lack of effi cacy. These data are consistent with previous fi ndings [8, 10] .
A systematic review and meta-analysis showed that immunogenicity of anti-TNF therapy with adalimumab or infl iximab in immune-mediated infl ammatory diseases reduces therapeutic response as much as 80%, while antibodies to ETN were not detected [34] . Consistent with that study, the immunogenicity of ETN in Japanese patients with RA was of limited clinical importance in the bridging, long-term, and self-injection studies. The antibodies that were detected in these studies were generally transient in nature and varied from 2 to 10% at any given time point, with no impact on drug response. These data suggest the presence of " binding antibodies " or false positive results since the enzyme-linked immunosorbent assays used were of low specifi city. Also consistent with previous reports of immunogenicity in non-Japanese patients, no neutralizing anti-drug antibodies have been identifi ed in these studies featuring Japanese patients with RA.
The extensive ETN clinical program has provided results supporting clinical effi cacy, inhibition of radiographic progression, and safety that are consistent with a well-defi ned, favorable, and predictable risk benefi t for patients with RA in Japan. Conventional synthetic DMARDs, including MTX, are widely used for treatment of RA, but may not be tolerated by all patients; clinical trial data for ETN monotherapy is internationally limited [34, 35] . In a recent analysis of post-marketing study data from 1334 medical sites in Japan, 26.1% of patients (3616/13,861) were treated with ETN monotherapy [36] . Thus, clinical evaluation of ETN monotherapy is important. Flexible dosing and frequency of ETN is indicated in Japan, providing a unique opportunity for rheumatologists to tailor treatment for each patient. Administration of ETN in various doses
